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The Fab1 protein is a phosphatidylinositol 3-phos-
phate 5-kinase involved in yeast stress response and
membrane trafficking. New evidence indicates that
the Vac14 protein, like Vac7p, regulates phos-
phatidylinositol 3,5-bisphosphate levels and possibly
Fab1p activity.
Phosphoinositides serve critical roles in eukaryotic cell
signaling, cytoskeletal rearrangements, and membrane
trafficking. To understand cellular phosphoinositide
action it is essential to define the mechanisms underly-
ing the temporal and spatial synthesis of phosphoinosi-
tides by kinases and their turnover by phosphatases.
The budding yeast, Saccharomyces cerevisiae, synthe-
sizes most of the seven known phosphoinositides
making it a valuable model for studying the role of
phosphoinositides in membrane trafficking events.
Recent advances using S. cerevisiae have converged to
reveal more about the regulation and functions of
Fab1p and its product phosphatidylinositol 3,5-bispho-
sphate (PtdIns(3,5)P2, Figure 1) [1–3]. We now learn that
Vac14p and Vac7p regulate Fab1p functions during the
yeast stress response, membrane and protein traffick-
ing events, and in vacuole homeostasis.
The Discovery of Fab1p
The FAB1 (formation of aploid and binucleate cells)
gene was discovered using genetic screens for yeast
mutants with nuclear segregation defects [4]. Com-
pared with wild-type cells fab1 (FAB1 mutant) cells are
temperature sensitive for growth, lyse at high tempera-
ture, have a very large single vacuole, and do not
appropriately acidify their vacuoles. The size of the
vacuole in fab1 cells has been shown to cause the
defective nuclear segregation phenotype of these cells
[4]. The other mutant phenotypes have been studied
more extensively and provide insight into the role of the
FAB1 gene [1,2,5–7].
Sequence comparison of the Fab1 protein (approx-
imately 257 kDa) with mammalian PtdIns(4)P 5-kinase
led to the hypothesis that Fab1p was a PtdIns 4-phos-
phate 5-kinase [4]. However, a lack of experimental 
evidence to support this hypothesis and the discovery
in 1997 that yeast produced significant quantities of
the previously unknown phosphoinositide, PtdIns(3,5)P2,
during osmotic stress [8] provided the impetus to test
whether Fab1p was a PtdIns(3)P 5-kinase. Subse-
quent reports [5,9] revealed that Fab1p indeed is 
a PtdIns(3)P 5-kinase as shown in Figure 1. It is the
only yeast enzyme that phosphorylates PtdIns(3)P, 
the product of Vps34p — the only PtdIns 3-kinase in 
S. cerevisiae — to generate PtdIns(3,5)P2. In addition,
Fab1p PtdIns(3)P 5-kinase activity is required for
cargo-selective sorting into the vacuole lumen and reg-
ulation of multivesicular body (MVB) protein sorting [6].
A model emerged from these initial reports sug-
gesting that Fab1p-synthesized PtdIns(3,5)P2 is impor-
tant for membrane trafficking and stress response.
However, many questions regarding regulation of
Fab1p activity and its functions went unanswered.
Three recent reports [1–3] reveal that the proteins
Vac14p, Vac7p, and Fig4p have important roles in reg-
ulating the levels of Fab1p-synthesized PtdIns(3,5)P2.
These findings not only provide insight into how a
PtdIns(3)P 5-kinase is regulated, but they are relevant
to the studies of the mammalian homologue of Fab1p,
PIKfyve. PIKfyve is a bifunctional enzyme with
PtdIns(3)P 5-kinase and protein kinase activity having
an important role in cellular membrane traffic at the
MVB [10–12].
Regulation of Fab1p PtdIns(3)P 5-kinase Activity
Weisman and colleagues initiated yeast genetic
screens to uncover vacuole inheritance mutants that
were distinct from the vacuolar protein sorting (vps)
mutants revealed in previous genetic screens [13–16].
They found several non-vps vac mutants of which vac7
and vac14 were similar to a fab mutant in having large
single vacuoles. Screening the Eurofan II panel of dele-
tion mutants, Dove and colleagues [2] identified both
vac7 and vac14 when they examined mutants for a
‘swollen vacuole phenotype’.
A few years ago, Gary and colleagues [5] reported
that Vac7p functioned in the same pathway as Fab1p
(Figure 1). From this study we learned the following:
overexpression of Fab1p did not result in a significant
increase of PtdIns(3,5)P2, suggesting that there are
limiting regulatory factors (i.e. Vac7p and Vac14p); and
vac7 mutants, similar to fab1 mutants, were tempera-
ture sensitive for growth, had a large single low
density vacuole, and synthesized no PtdIns(3,5)P2. In
a subsequent study, a genetic link between VAC7 and
FIG4, which encodes a candidate phosphoinositide
phosphatase, was demonstrated [3]. A fig4 mutant
was identified as a suppressor of a vac7∆ strain, and
a vac7 fig4 double mutant synthesized PtdIns(3,5)P2 at
levels similar to wild type. Also, Dove and colleagues
[2] showed via a two-hybrid screen that Fig4p inter-
acts with Vac14p. It appears that Vac7p, Vac14p and
Fig4p are active in the same pathway as Fab1p and
potentially could be part of a multiprotein complex.
These observations open the door to numerous
important experiments such as testing for protein–
protein interactions.
Vac14p, like Vac7p, is integrally involved in control-
ling the basal levels of PtdIns(3,5)P2 and is required for
the substantial increase in PtdIns(3,5)P2 during osmotic
stress in yeast [1,2]. It was proposed that Vac14p
serves as the osmosensor for the activation of Fab1p
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[1]. This suggests that Vac14p acts as an upstream reg-
ulator of Fab1p, analogous to what has been proposed
for Vac7p [3]. It has also been established that Vac14p
activity is required for Phm5p and carboxypeptidase S
protein transport into and through the MVB [2], a func-
tion similar to that of Fab1p [6].
The Future of Fab1p Studies
The sticky wicket is defining what Fab1p functions 
are specifically controlled by Vac7p and Vac14p. Does
one of them serve as an osmosensor (Vac14p [1]) 
and the other serve as a basal regulator? Or do they
contribute to both functions? Undoubtedly, a focus of
future research will be on the spatial, temporal, and
process-specific regulation of Fab1p activity. It is 
currently unclear precisely how the PtdIns(3,5)P2 syn-
thesis is achieved and how Fab1p is recruited to dif-
ferent organellar membranes. Also, it is unknown how
PtdIns(3,5)P2 is metabolized in the cell in order to
downregulate signaling. Possibly, phosphoinositide
phosphatases like Fig4p, Sjl2p, Sjl3p and Sac1p con-
tribute to the metabolism of PtdIns(3,5)P2 [3] (Figure
1). In order to gain insight into these questions,
PtdIns(3,5)P2-specific binding proteins could be used
as internal probes to localize where PtdIns(3,5)P2 is
synthesized in yeast cells.
At this time, the holy grail of phosphoinositide 
signaling is to identify specific effector proteins. Thus far,
no PtdIns(3,5)P2-specific binding proteins have been
reported, while a plethora of phosphoinositide-binding
proteins with pleckstrin homology domains, FYVE
domains, PX domains, and ENTH domains have been
reported to bind other phosphoinositides [17–19].
Because Fab1p has multiple functions, it is likely that
more than one PtdIns(3,5)P2-binding protein will be iden-
tified. Considering the recent discoveries, future Fab1p
studies will no doubt focus on the Vac proteins, Fig4
phosphatase and the identification of effector proteins.
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Figure 1. A model of the synthesis and
functions of PtdIns(3,5)P2 in yeast cells.
PtdIns is phosphorylated by the PtdIns 3-
kinase, Vps34p. Fab1p phosphorylates
PtdIns(3)P to yield PtdIns(3,5)P2. Vac7p and
Vac14p serve as regulators of PtdIns(3,5)P2
levels in yeast, possibly by regulation of
Fab1p PtdIns(3)P 5-kinase activity. The
phosphatases, Fig4p, Sjl2p,  Sjl3p and
Sac1p are hypothesized to dephosphory-
late PtdIns(3,5)P2 and PtdIns(3)P. The func-
tions of Fab1p and PtdIns(3,5)P2 in yeast
are listed.
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